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PREFACE 

More than 25 years ago The New Jersey Zinc Company, as manufacturers of Zinc 
Pigments for the Paint Industry, recognized that the complicated optical, physical and 
chemical relations between pigments and vehicles deserve more than casual study. 
Its research activities have expanded to keep pace with the demands for increased 
knowledge about the services that zinc pigments can perform in paint, and how thcv 
can be used to best advantage. What follows represents an attempt at a brief sum- 
man of this knowledge as it pertains to one of the most versatile of the white paint 
pigments — zinc oxide. 
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THE VERSATILE PAINT-MAKING 
PROPERTIES OF ZINC OXIDE 



The first knowledge about zinc oxide is shrouded 
in the antiquity of man's discovery of brass, and 
Pliny refers to its appearance in an impure form 
in the foundry furnaces of his time. These accu- 
mulations of woolly masses, still evident around 
zinc plants wherever zinc oxide has an oppor- 
tunitv to form under the proper conditions, be- 
came the philosopher's wool (lana philosophical 
of the alchemists. 

The modern history of zinc oxide began 200 
years ago when Cramer, in Germany, described 
its production by burning metallic zinc. Cour- 
tois, in France, seems to have been the first to 
propose its use as a pigment and noted that it is 
not darkened by sulfur gases Later, approxi- 
mately 160 years ago, he started its manufacture 
and sale. 

Interest also developed in America, for it is 
recorded that about 1 10 years ago the house of 
Dr. Fowler, somewhere in the vicinity of Frank- 
lin, New Jersey, was painted with zinc oxide 
made from the zinc ore deposits for which that 
region is famous. At the same time Leclaire, in 
France, whose interest was aroused because of 
the non-toxic and non-discoloring qualities of 
zinc oxide, was hard at work developing a 
process by the steps ore-metal-zinc oxide, later 
called the "indirect" or French process Twentv 
years later, in America. Burrows and Wetherill 
developed the open grate furnace process for 
going direct from ore to zinc oxide, which be- 
came know n as the American process and marked 
the real beginning of the industry in the United 
States 

Now, after zinc oxide has been manufactured 



in this country for many years, it is well recog- 
nized that there is no health hazard involved 
either in the handling of zinc oxide in paint 
plants, or as a component of paint. The Public 
Health Report, "Zinc In Relation to General 
and Industrial Hygiene," points out that ex- 
haustive clinical and laboratory study of 24 
w orkmen exposed over periods of time varying 
from 2 to 35^ years to the inhalation of varying 
concentrations of zinc in the form of zinc oxide, 
zinc sulfide, or fine metallic zinc dust, found no 
acute or chronic illness in any way ascribable 
to zinc. 

Knowledge as to why the desirable results are 
obtained with zinc oxide in paint has gradually 
accumulated from experience, and organized 
research has greatly accelerated the development 
of such information during the last three decades. 
Organized research on the product itself has also 
proved that zinc oxide is amenable to many 
previously unsuspected adjustments of its charac- 
teristics, and this versatility is constantly adding 
to its value for the paint formulator. 

This accumulation of knowledge has naturally 
brought about some changes in ideas on the use 
of zinc ox.de Most important is the present trend 
toward thinking of zinc oxide as a substance with 
special optical, physical and chemicalpropert.es 
of such practical value that its purelv pigment 
characteristics may be considered of 'secondary 
importance In other words, the use of zinc oxide 
in paint can often be justified without the neces- 
sity for considering that it rates well up in the 
scale as a white hiding pigment, and that it is 
among the best from the standpoint of color 



PROPERTIES OF ZINC OXIDE 



Zinc oxide is the simple oxidation product of 
zinc fume obtained either by (1) direct vaporiza- 
tion of zinc metal or by (2) mixing a reducing 
agent (coal) with a zinc ore and burning the mix- 
ture to release the zinc fume. It may also be ob- 
tained by chemical precipitation methods, pro- 
ducing either zinc carbonate or zinc hydroxide, 
which are readily converted to zinc oxide by 
heating, but such processes are of negligible im- 
portance in the United States. 

According to X-ray evidence, 1 all zinc oxides 
are crystalline materials built up in the form of 
what is known as a hexagonal close-packed lat- 
tice. This structure can be readily visualized by 
the model in Figure 1 , which shows how the 
zinc and oxygen atoms dispose themselves in 
alternate layers. This characteristic crystal 
growth is also graphically illustrated by the 
crystals shown in Figure 2, formed under ideal 




Large spheres represent zinc atoms. Small spheres represent oxygen 
atoms. TfiL positions of the zinc atoms numbered from I to fS 
illustrate the arrangement in the basal plant oj a hexagonal close- 
packed lattice. 

Model of a Zinc Oxide crystal. 

FIGURE I 




Zinc Oxide crvstals (rock oxide) collected from 

furnace residue, showing characteristic crystal 

growth. (Enlarged about 33 ] ;/ , .) 

FIGURE 2 

crystallizing conditions by very slow and undis- 
turbed oxidation of zinc metal fume within a pile 
of zinc oxide furnace residue 

Optical Properties 

Zinc oxide has some optical, physical and chem- 
ical properties that are common to all crystalline 
materials that qualify as hiding pigments, and has 
other properties that are definitely unique Re- 
fractive index is in the first group and, in a gen 
eral way, places zinc oxide in the intermediate 
hiding power class when compared v\ ith sihcious 

inerts and zinc sulfide: 

ra in . U\,L i 
Average paint vehicle 14 ! 5 

Sihcious inerts 1 .45 — 1 5 ) 

Barium sulfate 1.64 

Zinc oxide 2 

Zinc sulfide ... 2.37 

Practical hiding power is recognized as also 
depending on the nature of the pigment-binder 

interface for the physical structure of the paint 
film) and on the brightness and particle size of the 
pigment, so it cannot be stated except in terms 
of finished paints The more unusual zinc oxides, 
such as the colloidal type, represented by Kadox, 
and the extremely coarse type, represented by 
XX- 104, have lower values because the) are 
both outside the particle size range for optimum 
hiding power for zinc oxide, which is from 0.2 
to 0.3 micron 2 Kadox and XX- 104 are often 

1 M L Fuller The Asia! Ratio and Lattice Constants of Zinc 
Oxide— Science, Vol. 70, 1929, p. 196 

2 Cr F A Stotz — Tbe Scattering of Light by Dielectrics of Small 
Particle Size — Journal of the Franklin Institute, Vol 210 No i 
July 1930 r 
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(APPROX 4500 A u) 



(APPRO X 5200 Xu) 



AMBER FILTER 
(APPROX 5900 A u) 



RED FILTER 
(APPROX 6600Xu) 
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Typical reflectance (brightness) values for Zinc Oxides determined in pastes 

vvnh pale oil. Zinc Oxides have a relatively high and uniform degree of 

transparency to light throughout the visible spectrum, which is necessary for 

producing a white pigment of good brightness and color. 

FIGURE 3 



used where the chemical effects of zinc oxide are 

wanted in different degrees without normal pig- 
menting qualities 

-mc oxide crystals have a relativel) high and 

uniform degree of transparency to light through- 
out the visible spectrum, which is necessarv for 
producing a white pigment of good brightness 
and color Zinc oxides can be made in a w ide 
range of brightnesses and color tones, depending 
on the requirements for the particular use, but 
the brightness-color curves in Figure 3 are typical 
of the most used grades 

On the other hand the transmission qualities 

of zinc oxide in the ultra-violet region of the 

mm are unique because of the sharpness 



with which the radiations are cut off at about 
1 therefore preventing the transmis- 
sion of ultra-violet (actinic) light that has the 
most destructive effect on organic binders. Ultra- 
violet transmission curves for typical pigments 
are shown inbigure4 Figure 5 also demonstrates 
this difference between pigments as it is revealed 
when ultra-violet light is used for illumination in 
making photomicrographs 

J he significance of this propertv became ap 
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Transparency of white pigments to ultra-violet light radiation. Zinc Oxide 

is opaque to the destructive ultra-violet (actinic) ravs. This is a useful property 

hecause it retards the aging effects of light on the hinder. 



FIGURE 4 



parent in the early studies 5 - 67 of the effects of 
ultra-violet light on paint films. A very rapid 
disintegration of unpigmented oil films was 
shown, as compared with the partial protection 
offered to the binder by the semi-transparent pig- 
ments, and the effective protection obtained with 
zmc oxides. This knowledge has helped to ex- 
plain many of the desirable effects obtained with 
zinc oxide in exterior paints 

Physical Properties 

The specific gravity of zinc oxide is frequentlv 
used for calculating the bulking value of this 
material when incorporated into paint vehicles 
or rubber. However, m practice it has been found 
that the bulking value of zinc oxide is about 1% 
greater than that calculated from specific gravm 
This may be due to some adsorbed gases remain- 
ing on the surface of the zinc oxide or to forma- 
tion of zmc soaps around the particles after grind- 
ing into paint vehicles or milling into rubber. 
The true specific gravity of pure zinc oxide is 
5.65, as determined recently by X-ray measure- 
ments and by pycnometer displacement methods. 
The apparent specific gravity of zinc oxide in 
practical use, however, averages about 5.6, 
which calculates to 46.73 pounds per gallon, 
and 0.02140 gallon per pound. 

Proper particle size and particle size distribu- 
tion for the job at hand are other requirements 
common to all pigments, and zinc oxide has 
proved amenable to adjustment over a wide range 
of average particle sizes, from practically colloi- 
dal pigment approximating 0. 1 2 micron to rela- 
tively coarse pigment approximating 5 microns in 
diameter. Figure 6 shows typical particle size 
distribution curves for some zinc oxides within 
the particle size range that is of most common 
interest. The versatility of zinc oxide from this 
standpoint is a great advantage because particle 
size modification can be employed for so many 
practical purposes, such as adjustments m amount 
of reaction between the pigment and the vehicle, 
consistency, gloss, hardness of the film, and 
weathering characteristics 



The particle shape of zinc oxide is also rela- 
tively amenable to control. Classification of the 
forms that appear under the microscope can be 
made m only a general way. The most common 
form is nodular — usually more or less irregular — 
winch is obtainable in a wide range of particle 
sizes. The ' 'Seal* ' oxides, or French process types, 
generally come under this classification, but with 
relatively uniform particle size distributions. The 
American process type zinc oxides, on the other 
hand, usually are less uniform both as to particle 
size and shape and are particularly likely to con- 
tain, in addition, different modifications of the 
natural crystalline form (hexagonal prismatic), 
commonly known as acicular or spicular parti- 
cles. These sometimes join at a common base to 
t are popularly called "twins" and 
"threelmgs." The percentage of acicular crystals 
Iso be increased until they predominate to 
any desired degree, but the usual commercial zinc 
oxides of this type consist of mixtures of acicular 
particles with other shapes. 

There has been considerable discussion of the 
part which shape plays in the durability of zmc 
oxide. Both nodular and acicular oxides have 
been observed, and there is no indication that 
lurability depends entirely on particle shape. 
best average performance seems rather to 
It from a proper distribution of a variety of 
shapes and sizes of zinc oxide particles. 

Figure 7 illustrates different types of products 
that are now commonly available. 

Chemical Properties 

In its pure form, zinc oxide is very slightly on the 
alkaline side Under normal manufacturing condi- 
tions, the surface adsorbs reactive gases from the 
atmosphere, so p H measurements on water slur 
nes of commercial products result in values rang- 
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The photomicrographs reveal no differences between the blended and co- 
fumed products. 




























A — Lead-jree Zim i hidi 

B— Co-jumed $5< \ I coded Zim I I 

C- Blended &5< | Leaded Z 

Tlu u-rt uj! lines outline tlu X-ray piLn^ o/ the three Oxides It ^ tob< noted thai jI! the lines in tht I 
Zim Oxide pattern carry through Ivth Leaded Zim Oxidi jutLmx Die lines appearing in tlu I coded Zim 
Oxides, and n t >t in the Lead-free, art due to Lead Sul/ates TTi the ^jm t m both the hi ended and 

arfumea Leaded Oxides showing thai then is no tween the tu 

X-ray diffraction patterns showing that Leaded Zinc Oxides produced bv mix- 
ing Zinc Oxide and Lead Sulfates are no different in composition from 
those obtained bv producing the fumes in the same furnace (co-fuming). 



FIGURE 5 



ing from 7.0 to 8.0. Since zinc oxide is ampho- 
teric, it is a neutralizing agent for both acids and 
alkalies, but it is the ability to neutralize acids 
and acid decomposition products in the binder 
without the addition of a strongly alkaline ma- 
terial that is of interest to the paint industry. 
This is a particularly useful function, because 
these acid materials usually have detrimental 
effects, such as discoloring the paint film or pro- 
moting the corrosion of metals. 8 - 9 

It is the reactive nature of zinc oxide that 
accounts for many of its unique qualities in paint. 
Ordinarily, the degree to which this reactivity 
functions depends on particle size, or more ac- 



curately on surface area, which can range from 
6.0 square meters per gram of pigment m a col- 
loidal type zinc oxide down to 0.6 square meter 
per gram for the larger particle sizes. The reac- 
tion products between zinc oxide and the vehicle 
can have diverse and far-reaching influences on 
paints, functioning as dispersing agents, bodying 
agents, suspending agents, densifying and sealing 
agents, and hardening agents. 



8 Harley A. Nelson — Metal Priming Paints— Inhibiting Qualities 
and Influence of Reactions within the Paint Film —Industrial & 
Engineering Chemistry, Vol. 27, January 1935, p. 35. 

' J HI, Wing -Reaction between Paint Films and Zinc Surfaces- 
Industrial & Enginccripg Chemistry, Vol. 28, February 1936, 

p. 242. 
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Zinc Oxide of Low Reactivity 

Obviously, its reactivity sometimes puts limita- 
tions on the use of zinc oxide, as in the case of 
some synthetic resin vehicles. Realizing the val- 
uable properties inherent in zinc oxide, attention 
has been given to the development of less reactive 
vehicles to permit the use of zinc oxide without 
major consistency changes. However, the latest 
contribution to this problem comes from the pig- 
ment side in the form of zinc oxide with a less 
reactive surface, at present represented by XX- 
505. Because of the complexity of the vehicle 
situation, it is impossible to make sweeping gen- 
eralizations or classify the results according to 
types of vehicles, but experience has demon- 
strated that paints of practical stability can be 
made with XX-505 in many cases where stand- 
ard zinc oxides are out of the question. The inter- 
esting thing about this type of zinc oxide is that, 
according to evidence at hand, it not only pro- 
duces most of the desired effects obtained with 
other zinc oxides, but in some cases it shows 
definite improvement over these. 

Fungicidal Properties 

The mild but effective fungicidal action of zinc 
oxide gives it a unique position among white pig- 
ments However, the fact that zinc oxide acts 
fungicidal!) toward vegetable growth must not 
permit this to be confused with the property of 
toxicity Zinc oxide is in no sense toxic; it is 
used in a great many medicinal and cosmetic 
preparations 

I he effectiveness of zinc oxide for controlling 
mildew grow th cannot he ascribed to reactivity 
in the sense that it results in soap formation and 
surface hardening effects on the paint film Inves- 
tigators 10 now general! v accept the view that 
the small amounts of water soluble zinc salts 
formed b\ reactions with impurities in the atmos- 
phere and acid decomposition products from the 



binder are sufficient to account for the results. 
Most fungi will not grow in contact with zinc 
oxide, which fact is now taken advantage of in 
other fields, as by adding it to the surface soil to 
control fungus attacks on young plants ("damp- 
ing off"). 

Other Properties (Catalytic Nature) 

Explanations based on the better known proper- 
ties of zinc oxide have seemed inadequate for 
some of the effects obtained with it, the most 
notable example being the better gloss retention 
and general weather resistance of the surface film 
of binder associated with exterior paints con- 
taining zinc oxide The evidence apparently rules 
out zinc soap as being the effective agent. Like- 
wise, since a film of oil lies over the top pigment 
layer, the recognized opacity of zinc oxide to 
ultra-violet light cannot offer an explanation. 
However, during the past ten years, the litera- 
ture 11 on catalysis in synthesis of alcohols, etc , 
has referred to the use of zinc oxide as a catalyst. 
From this it has been suspected that zinc oxide 
might act as a polymerization catalyst in paint 
vehicles Preliminary tests have given reasonable 
evidence that such reactions are promoted in zinc 
oxide paint films and can be distinguished from 
the effects of zinc soaps. 

The idea that zinc oxide can serve as a poly- 
merization catalyst is highly important in view 
of the general desirability of polymerization 
changes in oils and resins, as contrasted with the 
undesirable effects of oxidation changes. Exam- 
ples that are well known are the better resistance 
to water and to weather of polymerized oils and 
resins and of baked (heat polymerized J films 



'" S Werthan Zinc Pigments in Relation to Southern Climatic 
Conditions Official P . turn of Paint (S: Varnish 

Production C I ubs \<. I 4~ September 1 9 35, p 321 

11 P S (. r\der and Per K Frolich ( -he h>rmation 

of Alcohols from C arhon Monoxide and Hydrogen industrial & 
hnginccrinjj Chemistry, Vol 2 1 . September 1929, pp 867-871. 
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REASONS FOR USING ZINC OXIDE 

IN PAINT 



The previously mentioned optical, physical and 
chemical properties can be grouped into the fol- 
lowing definite qualities that are factors in ob- 
taining the results produced by zinc oxide; 

j — Reactivity 

Acid adsorption and neutralizing power 
Soap formation 

h — Catalytic effects 

Polymerization 

c Fungicidal properties 

d Opacitv to ultra violet light 
e Particle size and shape 
r Color and hiding power 

It is obvious that a pigment in which such a 
variety of properties is combined should serve- 
many purposes in paint Sometimes the results 
that are of interest can be readib traced to one 
of the major properties, but in many cases the 
source of the effect is not readily identified since 
two, or even more, properties may be invoked 
In what follows, an effort w ill be made to trace 
these connections for the sake of developing a 
better understanding of what is hack of the prac- 
tical purposes for which zinc oxide is being used 

Ease of Mixing and Grinding 

The usefulness of zinc oxide is evident even in 
the first step in the paint manufacturing process 

Aside from the fact that zinc oxide is free from 
aggregates, its eas) mixing and grinding quali- 
ties are definitely clue to surface activit] , which 
promotes wetting of the surface of each individ- 
ual particle bv the vehicle In addition, as with 
many compounds of zinc, the soaps formed pro 
mote the wetting and dispersion of other pig- 
ments that are normally more difficult to mix and 
grind Notable examples are the hard grinding 
colors, such as iron Hues, and zinc oxide is con- 
sidered a general standby in the plant whenever 
such grinding problems are encountered 



Consistency Control 

(Leveling, Non- sagging, Suspension) 

The important characteristics that are associated 
with consistency are controlled to a large degree 
bv two well recognized opposing forces which 
exist in paint These are ( 1 ) the force that tends 
to bring about flocculation of the pigment and 
(2) the force that tends to keep the pigment in a 
dispersed state flocculation results m increased 
false bod) and improved suspension, whereas 
dispersion results in better flow And leveling 
Because of its reactive surface and the soaps that 
can be formed with it (depending on the vehicle), 
zinc oxide can act Strongl) to produce either 
flocculation or dispersion It is frequent!) de- 
sirable to use zinc oxide in paint for this prop 
ertv in order to balaiu e the efFec ts of other ingre 
dients I he desired adjustments to obtain im 

proved bodv , leveling, non sagging and siispen 
sion can be made bv proper selection of the 1 1 u 
oxide since it is available in a wide range of 
particle sizes, shapes. And degrees of reactlVlt) 
A classic example of these beneficial properties 
of zinc oxide is the perfect leveling good non 
sagging and good pigment suspension that is 
characteristic of well dispersed high zinc oxide 
enamels 

Penetration Control and Sealing 

Since due to its reactivity, ZUX oxide is well 
wetted hv the vehicle, it tends to hold the non 
volatile binder within the paint him , w hich will 
result in denser and more homogeneous films and 
better sealing [rm is substantiated bv zinc 
oxide-containmg interior undercoats and exterior 
wood primers Soap formation undoubtedly is .in 
important factor in this, but an) changes that 
solidifv the structure of the binder are steps in 
the right direction, so polv menzation changes 
mav also be contributing factors 
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Zinc Oxide-free primer . . Lead — Zinc type finish coat. 




I )xih in primer . . . Lea J — Zinc type finish coat. 




Zinc Oxide-free jrrima Titanium-Barium — Lead — Zini i\\\ finish coai 




Ziiw Oxi&t in vrimer . . Titanium-Barium — Lead — Zinc typt finish coai 

(Exposed 3 years- vertical ) 

Elimination of compatibility failures between special primers and finish 

coats bv including Zinc Oxide in the special primer. 

FIGURE 8 
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Dryin 



It has long been known that the presence of zinc 
oxide results in the formation of firmer films that 
are more uniformly dried throughout, and this 
property can be used to advantage whenever, for 
any reason, oils with limited hard drying prop- 
erties must be used in larger amounts. The evi- 
dence of this property of zinc oxide is very 
marked, although zinc cannot be classified as a 
drying metal in the sense oi being an oxygen 
carrier. Recently, many interesting observations 
have been made on the beneficial effects on drying 
of oil soluble zinc soaps. One conclusion arrived 
at is that these soaps have a peptizing action that 
prevents precipitation of the drier and thus pro- 
motes better distribution of the drier throughout 
the film. Another conclusion is that, because the 
initial surface set is retarded, the film is kept 
"open" with the result that there is opportunity 
for uniform through drying that reduces surface 
wrinkling troubles. From these views, it would 
be assumed that this is a case where the reactive 
property is a determining factor, and the general 



experience is that the most marked effects are 
obtained with the more reactive types of zinc 
oxide. However, since the improvements ob- 
tained are so much in line with what would be 
expected from increased polymerization of the 
binder, it is reasonable to suspect that this is a 
case where catalysis of polymerization might 
also be a factor in the results. 

Hardening or Film Solidifying Qualities 

The solidifying effect of zinc oxide on the film 
may bring about a number of obviously desirable 
results in service, such as resistance to abrasion, 
marring and washing of interior and exterior 
paints in general. An important case in which 
this effect is used to advantage is where so-called 
compatibility difficulties between successive 
coats of house paints are involved. The proper 
balance of physical properties in successive coats 
of a freshly applied paint system is of practical 
importance, as illustrated by the results of ex- 
posure tests shown in Figure 8 . and neither added 
zinc soaps nor driers nor other hardening agents 
appear to be as effective as zinc oxide for restor- 




W\thout Zinc On J: U nh Zinc Oxi&t 

The better gloss retention is represented by the greater definition oj the reflection oj the black bars 

Contrasts in gloss retention of interior gloss whites after three years on a wall 
under normal room conditions. 

FIGURE 9 
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ing this balance. This generalization is one that 
applies with moderately reactive zinc oxides, 
such as XX-503, as well as with the more re- 
active products, and it is probable that catalytic 
effects on the binder are involved. 

Gloss and Gloss Retention 

The easy dispersion quality of zinc oxide, which 
is associated with its active surface, and its good 
texture naturally favor better initial gloss. How- 
ever, other conditions do influence the results, 
since even very good pigment dispersions may 
lose gloss during or immediately after the dry- 
ing stage. Cases of the latter type generally in- 
volve some reaction with, or selective adsorption 
of, an ingredient of the vehicle that normally 
serves to keep the other ingredients in a dispersed 
state, as in the case of overcooked oil vehicles. 
The addition of zinc oxide generally results in 
proportionate improvements in both initial gloss 
and gloss retention, as illustrated by Figure 9 
As previously mentioned, the gloss retention 



of exterior paints containing zinc oxide has been 
variously ascribed to the influence of zinc soaps 
and to the ultra-violet opacity of zinc oxide 
Considering the known superiority of polymer- 
ized oil and resin films in resistance to moisture 
and light, it is reasonable to believe that in- 
creased polymerization of the surface film of 
binder would be the important factor in both the 
better gloss retention and the initial chalking 
resistance that are characteristic of zinc oxide- 
containing paints. 

Discoloration and Yellowing Prevention 

One of the characteristics that caught the atten- 
tion and interest of those who first tried zinc 
oxide as a paint pigment was that paints con- 
taining it remained white under conditions that 
caused other white paints to discolor. Essen- 
tially, this is due to the reactivity of zinc oxide 
and the fact that most compounds of zinc are 
w hite. The principal external causes of paint dis- 
coloration are sulfur gases present in the atmos- 
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phere in various forms, but particularly in the 
form of sulfide sulfur. The reaction product in this 
case, zinc sulfide, is in itself a brilliant white 
compound. 

Other causes of discoloration (usually yellow- 
ing) have their source within the film and are 
formed by and during the changes that accompany 
the drying, aging, weathering or baking of the 
usual organic film-forming binders. These com- 
pounds may be yellow or brown, or they may 
induce such color changes in the rest of the film 
due to their acid nature. The presence of zinc 



oxide in the film can and does neutralize or retard 
the formation of these active compounds, and 
decreases yellowing, as shown by Table 1 and 
Figure 10. Extreme reactivity is not necessary, 
since all normal zinc oxides show this effect. 

While the reactivity of zinc oxide undoubt- 
edly is the important factor in this case, it is 
worth while to consider that polymerization 
changes do not promote yellowing, as do oxida- 
tion changes in the film. Consequently, the favor- 
able results might, in part, be due to the promo- 
tion of polymerization by zinc oxide at the 




100^ Tv0 2 
Yellow Saturation 30.8 (see Table 1) 



50% TO 2 

50% ZnO 

Yellow Saturation 16.i 



Discoloration (yellowing) of interior lacquers containing Alkyd Modified Resin after 6 years 

on wall. The presence of Zinc Oxide serves to neutralize the colored and more or less acid 

products that are normally formed when drving oil and resin films age. 

FIGURE 10 
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Better self-cleansing qualities ot house paint containing Zinc (Hide. The 
presence of Zinc Oxide, besides reducing the amount of chalk formed, gener- 
ally changes it to a less stick \ and adherent tvpe that is more easilv removed 
h\ normal weathering agents. The result is less masking of the surface bv 
accumulations of dirt and chalk. 

FIGURE 11 



expense ot oxidation Also an) influence that Color and Tint Retention 

promotes polymerization will develop better ( )ne of the outstanding propert ies ol zinc oxide 

moisture resistance which is a step in the right apparent in all types of paints where it is incor- 

diiecrion since moisture (humidity) is an impor porated, is zinc oxides ^uaht\ of improving 

tant factor in promoting the yellowing of paint color and tint retention 

alms 1 he well-known favorable position of zinc 
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mesmm silicate 



— 7O30 Iron Oxide — Magnesium Silicate. B — 6015-25 iron Oxidt —Zinc Oxide— Magn 

(Linseed Oil vehicle — exposed 1% years — vertical.) 
This combination of better self-cleansing, mildew resistance, and color 
retention of Red Iron Oxide paint is characteristic of the results generally 
obtained when Zinc Oxide is used in tinted and colored pigment paints. 

FIGURE 12 
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1— 0%ZmcOui 
3— 13.0% Zint On J, 



2—6.5% Zinc Oxih 
4— 19.5% Zinc Oxih 



(Panels exposed I J 2 years .it Palmcrton, Pa. larger amounts of Zinc Oxide wil\ be r^uired to stop mildew 

in morv ImmiJ localities.) 

Effect of increasing Zinc Oxide content for improving mildew 
control on house paints. 

FIGURE 15 



the proper balance of zinc oxide is maintained, as Washability and Ease of Polishing 

shown by Figures 11 and 12. This might to These are, in a general way, associated with the 

some extent be due to the effect of zinc soaps tightness and continuity of the surface and body 

on the nature of the chalk, but it has been ob- of the film that result when zinc oxide is present, 

served that the less reactive zinc oxides (XX- Again, the complete contact between pigment 

505) can be just as effective. and binder promoted by the reactivity of zinc 
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WHERE AND HOW TO USE 
ZINC OXIDE IN PAINT 



It is questionable whether any other pigment can enable effect on tint retention, controlled chalk- 
serve as many useful purposes as zinc oxide. But, ing, and growth of mildew, and promote proper 
because of its positive properties, zinc oxide ob- self-cleansing of the film (See Figures 11, 12, 13 
viously must be used with reasonable care and and 15, inclusive). 30% has been very popular 
discrimination. This is particularly true today but, the trend being toward the use of greater 
when many types and modifications of zinc oxides percentages of high hiding pigments and other 
are available, each with more or less distinctive ingredients that in themselves tend to form still 
qualities. It follows that these qualities must be softer films, the use of higher percentages of zinc 
considered for the manner in which they may oxide will become even more general, 
influence the results in each product, and some The foregoing refers to white paints. For tints 
specific discussion of the use of zinc oxide in and many dark colors, the use of from 35 to 50% 
individual types of paints is desirable. zinc oxide has long been common practice to aid 

color retention. 
Exterior Paints for Wood (House Paints, Because of the variability of wood surfaces, 

etc.) some have considered it necessary to use special 

Due to the variability of wood surfaces and other primers under a finish coat (or coats) rather than 

factors that add to the unpredictable nature of old established, self-primed painting systems, 

the service requirements, the development of a These special primers are conceived as more plas- 

good exterior paint for wood becomes a master- tic intermediaries that will follow the physical 

piece of compromise that requires more than ordr changes of the wood surface and thus serve as 

nary knowledge about the properties of the in- bonding agents, and on the basis of this reasoning 

gredients Zinc oxide is in excellent position anc oxide is sometimes omitted. However, this 

from this standpoint, and knowledge about its may often be a serious mistake because the primer 

properties and about the types that emphasize remains too plastic for the finish coat, which must 

the qualities needed in the paint, has now put be formulated to withstand weathering. A safer 

this versatile pigment in the position of being course is to include 10 to 15% zinc oxide in the 

practically viewed as a necessity in the modern primer formula to insure compatibility and avoid 

r i i failures of the finish coat, which are likely to 
exterior paint held. J 

One generalization that can be made about the show up in the fornirf alhgatoring, coarse check- 
amount of zinc oxide* to use in an exterior oleo- 
resinous type of paint is that the percentage 
should increase with the chalking type, high hid- 
ing pigment and silicious inert content of the pig- 
ment and the bodied oil content of the vehicle. 
While these have advantages, they also have 



ing or actual film separation (See Figure 8). 

House paints often show special advantages 
that can be traced to the zinc oxide in the for- 
mula. One such familiar characteristic is the bet- 
ter uniformity of film structure that is promoted 
by zinc oxide, which is an advantage in under- 
^es^Tth« c~anbe Ivacome only by us.ng coaters and special primers as well. It ls due to 
z.nc ox,de. In most cases, 25% zinc ox.de is the +*$Z£23&&ttS£SS£S& 

minimum that Can be expected tO have any appre- clients, such as the basic lead sulfate in leaded zinc oxides. 
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the fact that zinc oxide is more completely wet' reliable. Most important is careful control of 

ted by the vehicle than the less reactive pigments manufacture, and since zinc oxides specially de- 

and, consequently, tends to prevent the binder signed and tested for exterior service are now 

from soaking into the localized areas that happen generally available, only these should be used in 

to be more porous. This advantage shows up par- formulating the standard types of exterior paints, 
ticularly where single-coat repaint jobs are done. If, for a specific reason, a large particle size 

In such cases the repaint coat containing zinc zinc oxide is to be used, the lower surface area 

oxide will not only appear more uniform at the of the pigment per unit volume should be taken 

outset, but will also weather more uniformly into account by increasing the pigment-fixed 

without showing "flat" spots over the more vehicle ratio (P F A ) in the paint. The true rela- 

porous areas tmnship of pigment to fixed vehicle should be 

Although the reactive property of zinc oxide based on the surface area of the pigment, and not 
serves many useful purposes in exterior paints, it alone on the pounds of pigment or on the pig- 
can be over-emphasized, so the use of a fine par- ment volume calculated from an arbitrary spe- 
ticle size zinc oxide generally should be avoided, cific gravity figure This is evident when we con- 
I here has been considerable discussion of the sider that the surface areas or zinc oxides that are 
part that particle shape plays in the durability largely used in exterior house paints range from 
obtained with zinc oxide in house paints Ex- approximately 2 5 square meters per gram (ap- 
tensive tests have been made with nodular and proximatelv 12.000 square feet per pound) for 
acicular zinc oxides and good durabilities are the smaller particle sizes to 0.6 square meter per 
obtained with both types if properly made, gram (approximately 3,000 square feet per 
Neither type can be considered a cure-all because pound) for the larger sizes Fortunately, for prac- 
zmc oxides \vill behave somewhat differently in tical purposes m house paint formulation, the 
different formulas, and because of the variable proper correction to compensate for any such 
nature of service requirements Also, the ex- reduction of pigment surface in the usual linseed 
tremes of either type will usuall) show some oil vehicles is generallv indicated by the in- 
markedly individual characteristics that may be creased pigmentation required to obtain equal 
considered either advantageous or disadvanta- painting consistency if no changes are made in 
geous, depending on circumstances for exam- the \ chicle 1,; 

pie, while a highly acicular zinc oxide w ill delay Leaded zinc oxides, usually containing either 
surface checking where the formula has that 35^? OI 50^J basic lead sulfate (actually mix- 
tendencv acicular particles often promote a tures of normal and basic lead sulfates) have be- 
longitudinal slitting type of ultimate failure On come popular because they provide a combination 
the other hand, a strictly nodular zinc oxide ma\ of zinc oxide and lead inconvenient form Two 
show earlier surface checking, but the pattern is types of leaded zinc oxides, co-fumed and blend- 
more likely to be uniformly distributed and is ed, are in use Both are generallv Satisfactory and 
less hkelv to develop into ultimate failure of a the processes bv which thev are obtained mav 
localized slitting type ptoperl) be disregarded 1 he co-fumed product, 

In view of this situation, and because factors which is the older type, is a satisfactory product 

other than particle shape also enter into the re for durahhtv although limited in some of its 

suits, the logical trend is in the direcnon of com- other properties However, the present know!- 

promises between the two extremes However, edge about zinc ox.de makes it practical to mix 

in considering shape differences as a factor in zinc oxides specially designed for use in exterior 
durability, the information obtained by mereb ,„« D UM b,l, . idllP 

looking at photomicrographs u not final or i* 



paints with basic lead sulfate and obtain leaded 17A and 17B. In these cases, the marked reduc- 
zmc oxides of the blended type equal to, or bet- tion in blistering type of failure when zinc oxide 
ter than, the co-fumed products in durability, but is added deserves special attention, 
without their limitations in other properties. The marked effect of zinc oxide on a relatively 
The belief has been rather general that some non-inhibiting but weather-resistant paint is best 
combination product of zinc oxide and lead sul- illustrated by the improved results when about 
fate is formed when a leaded zinc oxide is c<r 20 r c zinc oxide is added to iron oxide, as shown 
fumed. According to X-ray evidence, there is no in Figure 16 A. When such combinations are fur- 
indication of compounds of lead or zinc being ther stepped up b) substituting other inhihitive 
formed that are not obtained when zinc oxide pigments for iron oxide, as in the case of zinc 
and basic lead sulfate are produced separately, dust, in proportions to produce a combination 
The evidence of this similarit) of the mixtures is such as 50-20 30 zinc dust-zinc oxide-iron oxide, 
shown by the X-ray diffraction patterns in Fig- the results are high!) satisfactor) from a practical 
ure 5, and is further substantiated by the simr point of view 1 his represents a principle lor 
lanty of the ultra-violet photomicrographs ot formulating weather-resistant, inhibitive paints 
two such leaded zinc oxides, as also shown in which will, moreover, prpduce better results 
Pj e ^ w ith an) pigment in the inhibitive class. 

In special primers of the zinc Just type for gal 

Exterior Paints for Metal Surfaces vanized iron, zinc oxide I ■ \ is added primal 

r^i .i. e ii i \\\ rn mtm' is a suspending agent tor the metallic 

The versatility of zinc oxide in the metal priming uy to serve as a suspc h h 

r % i i- • i f i r , nicrmen 1 I he use ot zinc oxide is preferred he 

paint held lies in the fact that H i an function as pigmeni \ 

ii r i i i him* it his no serious cne^t on trie adhering 

a practical suspending agent for the heav> prim cause it nas no sen ^ 

. . ii i l.« r |,. r anilities Sum ar \. Zinc oxide can he used to 

me pigments while it also contributes weather quauuc 

° iii t wk.mU.U. immkI eHect in zinc chromate primers tor finishes 

resistance and, maddition tobeingm the mhibi W i 

■ ii ii , l, ( ,n municsium aiu a uminum allo\s 

tive class, aids the other inhibitive pigments b) onmagnesiui a 7 

■ ii i i lMlin vvir i lin Fimsh coats for metals tor industrial parts and 
counteractine undesirable acid conditions within 

° structures must D€ designed to meet a wide van 



ctv of conditions and often require special fonnu- 



the film 

There really are two classes of primers tor 
, , , ii i i , U1 I t L K , atlOH However, formulations ot the tvpc used 

steel, namely, the so-called shop coats .m,\ those 

' , ,i . i fnr m*ner i exterior serv ice i»ivc excellent service 

over which finish coats are applied at once. Shop tor general ex g 

. M .,,u.r under average conditions provided they are toi 

coatsmustbedesigned to withstand the ueathcr ***** *8 V 

r i j . t, ,n ,wv tihed with sufficient ZMC oxide to take into 

under a variety of yard storage and erection con 

j , ' ,' . . v rwn veara or account the more rapid chalking and erosion that 

ditions for periods up to possihlv two years, or r 

unions pcriuu \ \ , n meta | surfaces I his is particu 

even more This fact, and the tact that some ot the usuair r 

c uv true over primers containing pigments like 

best inhibitive pigments are notoriouslv suscep- ^ tr \ ill 

, , , F h . , , , m . nvl | p cad that have the effect ot driers and promote 

tib e to weather, make the inclusion ot zinc oxide 



shop coat formulas a logical step L5t5 to 



oxidation of the binder that comes in contact 

20% zinc oxide (based on total pigment) is usir u ltn tnem 
zu /o zinc oxiue na c | genera U better to avoid using the highlv 

allv sufficient to bui d up the weather resistance E - 

ally sufficient to ouuu P reactive, tine particle size zinc oxides in main- 
romnrrin Uesree How ever , in the east or mt r 

to a practical degree , _ tenance paints tor metal While neutralizing 

chromate-tVDe primer Pigments, the vvtatner re r 

enromate tvpepri t g unkh _ of now er is important . it should obv iousIv be re- 
sistance is relativelv low and the avoidant or ^ i 

arid film conditions SO important that the US« of pcreJ to las, OV« an extended penod. and the 

•smuchasSOfl :m e ox,de should be cons.dered use ot larger amounts rf the 1« reaa.e z.nc 

as suggested b) the results shou n ,n Futures I 6B oxules ,s , sounder basu on uh,ch to formulate 
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Exterior Paints for Concrete, Stucco, 
Brick and Asbestos Shingles 

The best practice in pigment formulation tor nor- 
mal cement-containing or masonry~type surftt 

in general tails in line with the best practice tor 
paints tor wood Chalking, erosion, and 
mildew are likely to be accentuated on such sur 
it is desirable to keep the zinc oxide 
content on the high side This means that trom 
is desirable, depending on the color 
the paint The zinc oxides used should again 
erately or less reactive types that are 
■mmended tor exterior paint service Other 
special sen ice requirements arising trom alkaline 
surface conditions must be taken care ot by adjust- 
ments in the vehicle to make the binder more 
alkali resistant 

Exterior Enamels 

side trom general uses, such as aiding the 
persion of pigments that are difficult to dispc 
improving leveling and suspension, and prom 

ing through drying preventing wrinkling due to which will undoubtedly make the advantages ol 
top driers . the more specific functions ot zmc 



automobile enamels. In tact, good results can 
often be obtained by merely wiping a zinc oxide- 
containing enamel with a dry cloth alone , whereas 
a zinc oxide-free enamel requires both polishing 
and waxing In some vehicles, this advantage will 
show up with as little as 15^ zinc oxide. 

Where baking of the hnish is involved, the 
particularly useful functions ot zinc oxide are to 
obtain uniform hardening throughout the him and 
to retard color change (yellowing) during the 
baking operation These purposes can sometimes 
be accomplished with as little as L0 ( t zinc oxide 
but other considerations, as mentioned above 
generally favor higher percentage 

d exterior enamels can be made with a 
wide selection ot zinc oxides and all types, from 
the colloidal to those in the coarse range, have 
been used successfully, but those in the inter- 
mediate particle size range are favored How- 
ever a recent development is that zinc oxide ot 
lower reactivitv XX 5.5 has shown indica- 
tions ot better cleansing, gloss and tint retention, 



c in enamel type products for exterior ser 

vice are to reduce color change imp 
retention, reduce chalking and improve dura- 
bilitv in general bv eliminating blistering nil 
trees It enough zinc oxide is used to markedl) 
reduce chalking w hen the other pigments pi 
• the free chalking type which vjne^ 

retention and color changes 
vellow ing and loss of tint w ill be taken care ot 



zinc oxide available in manv enamels containing 
more reactive vehicles 

Exterior nitrocellulose lacquer enamels repre 
sent a striking example ot a case where chemical 
and optical properties oi zmc oxide combine to 
produce desirable results Nitrocellulose decom 
readilv under ultraviolet light, and the 
decomposition products discolor the him and 
also catalyze the decomposition Zinc oxide 
breaks up this cycle both bv intercepting the 



as well as mildew conditions encountered in ultraviolet radiations and neutralizing the acid 
some localities Also, manv resin type vehicles decomposition products 

Nitrocellulose enamels as made toda) usuallv 
cart) moditving resins Where resins such as 
4um and dammar are I Dodlfy the 

nitrocellulose, the pre-. m appreciable 

amount s still mi 

portant bee ultra- 

violet ligh -he standpoint of durability 



sometimes haw n tinting materials that 

cause pronounced color changes even 
chalking occurs In sue 
zinc oxide often prevents the dithcu 

Another verv important qualr tenoi 

enamels containing zinc oxide thai X PP^ 

to all tvpes of vehicles is that their weathered 

nd the percentage can be reduced w hen alkvd resins 
take a polish with lc^ un Mmi included bu: - cleaning and polish 

mgs without ZUK -tant in ing blistering failures and the usual 






other advantages, zinc oxide should be present 
to the extent of 15 to 25%. In these exterior 
enamels highly reactive, fine particle size zinc 
oxides are likely to prove too drastic. Best re- 
sults are obtained with the less reactive types. 

Marine Paints 

The combination of corrosive salt water, fungus 
growth, strong sunlight, and high humidity con- 
ditions long ago led to the practical discovery 
that the presence of zinc oxide is desirable 
throughout the entire range of marine paints— 
from anticorrosive primers and antifouling paints 
to finish paints and enamels— as exemplified by 
the instructions for painting vessels of the United 
States Navy. 17 Many interesting efforts have been 
made to take special advantage of the properties 
of zinc oxide in the marine painting field. One 
example is the practice followed by the United 
States Coast Guard, and others, of applying a 
zinc oxide-gum turpentine mixture (5 pounds to 
1 gallon) 18 as a primer on all underwater areas 
that are touched up in the dry dock in order to 
neutralize the surface and prevent pitting under 
the repaint. 

The exacting requirements of modern seaplane 
service, as recognized by the British Royal Air- 
craft Establishment, are again calling attention 
to the usefulness of the fungicidal properties of 
zinc oxide. 12 Besides being generally desirable as 
part of the pigment in both undercoats and fin- 
ishes, to discourage the adhesion of algae and 
barnacles, zinc oxide used in water-resistant 
smears or pastes that can be rubbed on the more 
susceptible areas, such as the pontoons, has 
proved distinctly helpful. 

For general service, wherever a higher hiding 
pigment that produces a soft, chalking type of 
film is to be used in marine paints, the percentage 
of zinc oxide should be increased 10 to 2d /c 
over the percentage that would normally be used 
in the same type of formula for service on land. 
Under tropical exposure conditions, 75 to 80% 
of zinc oxide with a high hiding pigment can 
often be used to advantage for resistance to chalk- 



ing, abrasion (washing), and fungus growth. 
Zinc oxides of the American process type that 
are designated for general exterior service are 
the most satisfactory. 

Traffic Zone Paints 

Although various schemes have been proposed for 
inserting permanent traffic direction markers in 
streets and highways , the ease with which changes 
and rearrangements can be made maintains the 
popularity of traffic paint. The important de- 
mands on such paints are abrasion and weather 
resistance, balanced with good average adhesion 
to different types of road surfaces. Zinc oxide is 
depended on to add abrasion and weather re- 
sistance. From 20 to 40% is used, and the types 
designed for general exterior exposure (house 
paints, etc.) are preferred. 

Interior Wall Paints Flats, Semi- 
glosses, and Gloss Paints 

In flat wall paints, zinc oxide serves to control 
consistency and improve resistance to washing, 
yellowing, and mildew. Undercoaters, in addi- 
tion, emphasize the necessity for better sealing 
and leveling. In general, 5 to 15% zinc oxide, 
depending on the vehicle, will contribute these 
qualities in both types of paint. On the other 
hand, semi-gloss and gloss paints, such as mill 
whites, require properties that are still more de- 
pendent on zinc oxide additions— notably better 
flow, leveling, anti-yellowmg, and increased 
gloss and gloss retention The need tor zinc oxide 
increases as the gloss factor increases, the amounts 
used in practice ranging from about 15 to 30% 
of the pigment. The best combination of proper- 
ties is generally obtained with the moderately 
reactive zinc oxides. 

12 E W.J. Mardles — Paints for \farme Service —Report on fovea 
tigation by British Royal Aircraft Establishment — The Chemical 
Trade Journal Sz Chemical Engineer, April 7, 1939, p. 333, 
April 14, 1939, p. 357. 

W Instructions for Painting and Cementing Vessels d the United 
States Navy, Edition of April 1939. 

18 Instructions for Painting United States Coast Cu.ird Vessels, 
Boats, and Stations, 1933, p. 35. 
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Interior Enamels 

Where oil varnish architectural finishes are in- 
volved, zinc oxide can serve all of the purposes 
that have been mentioned in connection with 
wall paints. With interior enamels, however, 
there is such need for emphasis on properties 
obtained with zinc oxide that higher per- 
centages are desirable all along the line. The 
best examples are the long oil enamels made with 
the highest grade French process type zinc ox- 
ides with their excellent packaging qualities, 
good leveling, holding-out qualities, high gloss 
and gloss retention, good color, resistance to 
yellowing or change in tint, and washabihty. 
All of these combine to produce products with 
such enviable service records that they still set 
the standards for more recent developments in 
faster drying and higher hiding products. In fact, 
the present problem is to retain as many as pos- 
sible of the good qualities of these enamels and 
still meet modern demands for speed With zinc 
sulfide and titanium dioxide available, it has 
been possible to step up hiding power by adding 
10 to 25% of these high hiding pigments to the 
zinc oxide without seriously disturbing other 
properties The endeavor to use synthetic resins 
for speeding up drying without disturbing other 
properties has been a more complicated problem. 
Gloss retention of high grade. airdrv , syn- 
thetic finishes is a live question As the reactivi- 
ties of the vehicles have permitted, small amounts 
(2 to \0 C ' ( ) of the more reactive zinc oxides have 
been used with distinct improvement in the re- 
sults in man) cases However, verv favorable 
results are now being obtained with recently 
developed, less reactive synthetic resin vehicles, 
in which zinc oxide can be used as 25 to 7 V [ 01 
even LOO 1 J ol the pigment Where the vehicle 
has poor wetting qualities, the addition of zinc 
oxide will aid in the dispersion of pigments that 
are not readily dispersed In such cases. 4 1 ) ( " f or 
more of a reactive zinc oxide will often produce 
the maximum gloss results with the minimum 
amount of milling 

I he ability of zinc oxide to eliminate or mini- 



mize yellowing of synthetic resin enamel films 
when exposed to diffused light, as in a room, is 
even more marked than when such films are ex- 
posed to direct sunlight. To obtain maximum 
results 15 to 20% zinc oxide should be used. 
For this purpose, the normally reactive zinc ox- 
ides of the French process type are usually most 
efficient but, where the vehicle is too reactive, 
the possibilities of less reactive zinc oxide 
(XX-505 type) should not be overlooked. The 
amount necessary for obtaining results with any 
given zinc oxide depends on the vehicle and the 
resin it contains. Here, again, the presence of zinc 
oxide contributes to color stability and good 
general film properties if 10 to 20% is present 

Interior Enamels Baking Types 

In enamel finishes designed for baking, the two 
major functions of zinc oxide are to help obtain 
uniform hardening throughout the film, and to re- 
tard yellowing during the baking operation and 
later in service In addition, zinc oxide generally 
contributes improved pigment suspension, level- 
ing and gloss. The amounts needed depend on the 
nature of the vehicles, especially the resin that is 
used In general , vehicles with higher oil content 
require more zinc oxide, but are quite responsive 
to its presence 10 to IV ( zinc oxide is the use- 
ful range for average products, but for vehicles 
with the more reactive resins, even 2 to V' ( may 
produce surprising improvements Because of the 
importance of color, the better French process 
type zinc oxides are mostly used, and in some 
formulations successful use has been made of the 
very reactive (Kadox) grade 

In baking primers, also, zinc oxide is an csscn 
rial where sealing and blister resistance under 
exposure to moisture are necessarv lor example 
it is well known that the ultimate results in blis- 
ter resistance of refrigerator finishes exposed to 
sweating or condensation are obtained with I 
zinc oxidesvnthetic resin type primer in which 
the percentage of zinc oxide is maintained as high 
as circumstances permit I he moderate! v reactive 
zinc oxides are general I y used in such products 
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